Disruptions in connections between the nuclear lamina and nuclear matrix occur in 3 6 myopathic disorders. However, the biological significance of nuclear lamina -nuclear 3 7 matrix coupling still remains largely undetermined. Previously it has been demonstrated 3 8 that the nuclear matrix protein, matrin-3, binds to lamin A/C and this interaction is 3 9 disrupted in laminopathies resulting in enhanced separation between the lamina and 4 0 matrix. Matrin-3 has recently been identified as a core regulator of alternative splicing, 4 1 whereas the involvement of lamin A/C in splicing still remains controversial. In this 4 2 study, we demonstrate that lamin A/C is not only required for maintaining the nuclear 4 3 organization of matrin-3, but also of other splicing activators and small nuclear 4 4 ribonucleoproteins (snRNP) components. Interestingly, mis-localization of these 4 5 splicing components did not appear to significantly disrupt alternative splicing events of 4 6 cassette exons regulated by matrin-3. Thus, the lamin A/C-matrin3 interaction is 4 7
Introduction 7 1
The nuclear lamina underlies the nuclear face of the nuclear envelope and is 7 2 composed of filamentous protein networks which provide structural support to the 1 3 8
Unexpectedly, we also saw a ~40% reduction in nuclear matrin-3 in response to lamin As we did not observe increased cytoplasmic matrin-3 staining in lamin A/C knock-down 1 4 3 cells, lamin A/C may either stabilizes matrin-3 in the nucleus or regulates its expression proper distribution of matrin-3. Next, we examined whether matrin-3 knock-down in U2OS affects the nuclear 1 4 9 envelope distribution of lamin A/C. siMatrin-3 reduced matrin-3 expression by ~75% 1 5 0 ( Figure 1C,D) , but did not significantly reduce the levels or distribution of lamin A/C 1 5 1 ( Figure 1A,B ), indicating lamin A/C stability or localization is not matrin-3 dependent. Thus, matrin-3 stability and localization is dependent on lamin A/C, but not vice versa. upon matrin-3 knockdown ( Figure 2 ). This suggests that the disruption of matrin-3 1 7 0 levels and localization caused by lamin A/C depletion is not sufficient to largely disrupt 1 7 1 regulation of alternative splicing by matrin-3. Of note, although lamin A/C knock-down 1 7 2 reduces nuclear matrin-3 levels, it is not to the same extent as those in cells transfected 1 7 3 with siMatrin-3 ( Figure 1D ). Therefore it is plausible that sufficient levels of nuclear 1 7 4 matrin-3 are present in lamin A/C knock-down cells to maintain matrin-3 regulated 1 7 5 splicing events, or the nuclear pool of matrin-3 which is involved in splicing is not lost or 1 7 6 mis-localized is response to lamin A/C knock-down. This would account for why matrin-1 7 7 3 regulated alternative splicing events are largely unaffected in lamin A/C depleted cells. Whereas the nuclear lamina has been identified as a scaffold for key nuclear 1 8 0 proteins such as transcription factors, no direct evidence exists for its involvement in 1 8 1 scaffolding splicing components [2, 22] . However, a recent proteomic screen identified and SmD1 and the splicing factor SRSF6 all displayed up to 50% reduction in lamin A/C 1 8 8 knock-down cells, similar to matrin-3 ( Figure 3A ,B,C,D). In contrast, the splicing 1 8 9 activator SRSF1 and TRA2B maintained nuclear levels in these cells suggesting that an 1 9 0 intact nuclear lamina may be required for maintaining levels of a subset of splicing 1 9 1 factors within the nucleus ( Figure 3E ,F). SRSF1 localization being lamin A/C 1 9 2 independent is consistent with previous findings [23] . Interestingly, we saw some 1 9 3 cytoplasmic foci containing SRSF6 in lamin A/C knock-down cells, although these foci 1 9 4
were not able to account fully for the loss of nuclear protein ( Figure 3C ). Likewise, 1 9 5
SmD1 localization was more cytoplasmic in response to lamin A/C knock-down but did 1 9 6 not form cytoplasmic foci ( Figure 3D ). In contrast, no cytoplasmic redistribution of U1-1 9 7 70K, U2 snRNPA, TRA2B and SRSF1 was observed in response to lamin A/C knock-1 9 8 down ( Figure 3A ,B,D,E,F). In this study we only examined the levels and localization of splicing components 2 0 0 and alternative splicing events in U2OS cells depleted of lamin A/C, rather than Matrin-3 is required for maintaining nuclear shape, but not nuclear size 2 1 0
As lamin A/C depletion did not alter matrin-3 regulated alternative splicing 2 1 1 events, we assessed whether matrin-3 could be involved in regulating structural aspects 2 1 2 of the nucleus. The reduction of lamin A/C or any components of the LINC complex are 2 1 3 known to promote nuclear morphology defects [24] . As matrin-3 interacts with lamin 2 1 4 A/C and it's nuclear localization is lamin A/C dependent, we also analysed nuclear 2 1 5 morphology based on nuclear circularity in lamin A/C and matrin-3 knock-down cells. As expected, lamin A/C depleted cells were less circular than control cells and matrin-3 2 1 7 knock-down cells. Although matrin-3 depleted cells were significantly less mis-shapen with KU70, which binds to broken DNA ends and recruits repair enzymes to facilitate diseases associated with matrin-3 mutations. complete media (Sigma) supplemented with 10U/ml penicillin, 10mg/ml streptomycin, 2 5 7 10mg/ml Glutamine and 10% foetal bovine serum. Immunofluorescence microscopy 2 6 0 Cells were fixed for 5 min in 4% PFA (Sigma-Aldrich) followed by 2 min permeabilization 2 6 1 with 0.5% NP-40 (EMD Millipore). The coverslips were incubated with blocking solution 2 6 2 (1% BSA) for 1 hour at room temperature. Primary antibodies used for immuno-staining 2 6 3 were diluted in blocking solution and applied to the coverslips for 1 hour at room 2 6 4 temperature followed by three short rinses in PBS. Primary antibodies were as follows: snRNPA (Santa Cruz), anti-U1-70K (Millipore) or anti-smD1 (Santa Cruz). Next, the 2 6 7 coverslips were incubated with secondary antibodies, diluted 1:1,000 in blocking buffer, 2 6 8 conjugated to Alexa Fluor 488 (Invitrogen) for 1 hour at room temperature. The 2 6 9 coverslips were next stained with DAPI and rinsed in PBS before being mounted onto 2 7 0 slides using Mowiol mounting media. Images were acquired at room temperature using 2 7 1 a using an Olympus IX81 wide-field microscope with a 40x air objective lens attached to 2 7 2 a Hamamatsu Orca-R2 cooled CCD camera. Nuclear levels of all proteins were measured by fluorescence integrated density in ImageJ. Nuclear circularity measurements were taken using the 'Analyse particles' 2 7 7 function in ImageJ on thresholded DAPI staining. Circularity values were given between 2 7 8 0 and 1, with values closer to 1 being more circular [29, 30] . All experiments were 2 7 9 10 repeated at least 3 or more times and between 100-150 cells were analyzed. The mean 2 8 0 readings per experiment were used for statistical analysis in GraphPad Prism.
8 1
Student's T-test or one-way Annova were performed as indicated in the figure legends. by directly repressing expression of its own paralog, Rpl22l1. PLoS Genet, 2013. processing. BioRxiv, 2018. 
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